Numerical analysis of the relationships among rapidly growing, scotochromogenic mycobacteria was carried out; a dendrogram was prepared by a single linkage method and the separation between species was tested. The following were distinct species : Mycobacterium aichiense ; Mycobacterium rhodesiae ; Mycobacterium chubuense ; Mycobacterium obuense ; Mycobacterium gilvum ; Mycobacterium duvalii ; Mycobacterium jiavescens ; and Mycobacterium vaccae. Mycobacterium tokaiense was reduced to a synonym of M. chubuense. Mycobacterium parafortuitum, Mycobacterium aurum and Mycobacterium neoaurum were considered to be subspecies of M. parafortuitum or part of a M. parafortuitum complex.
INTRODUCTION
Mycobacterium phlei Lehmann & Neumann 1899 was the first species of rapidly growing scotochromogenic mycobacteria to be described. This organism and Mycobacterium thermoresistibile Tsukamura I 966 are the only two rapidly growing mycobacteria that are able to grow at 52 "C. Hence, differentiation of these from other mycobacteria is easy (Tsukamura, 1971 ) and they were not included in this study. Rapidly growing, scotochromogenic mycobacteria recently described include Mycobacterium Jlavescens Bojalil, Cerbon & Trujillo 1962, with Mycobacterium acapulcensis Bojalil et al. 1962 being regarded as a synonym of M. j7avescens (Tsukamura, 1968 The purposes of this study were to clarify the taxonomic relationships among these species by numerical analysis and to report the characteristics of M . aichiense, M. chubuense and M. neoaurum which have only been described in Japanese. A comparison of the classification by cluster analysis and by the ' separation between species ' test (Tsukamura, 1976) was also attempted.
METHODS

Strains.
The original designations and sources of the 121 strains of rapidly growing, scotochoromogenic mycobacteria which were studied are given in Table I. Characters. A total of 80 characters were tested in all the strains. Of the tests previously described (Tsukamura, 1967) , tests 59 to 68, 76 to 87, 92 and 93 were omitted and the following nine tests added: (I) a-esterase; (2) b-esterase; (3) resistance to 5 pg ethambutol per ml Ogawa egg medium; (4, 5 ) tolerance to 0.1 % and 0.2 yo (w/v) NaNOz in Sauton agar ; (6) tolerance to I % (v/v) Tween 80 in Sauton agar ; (7) cord formation; (8) utilization of raffinose as sole carbon source; (9) utilization of nicotinamide as dual nitrogen and carbon sources. The methods used were described previously (Tsukamura, I 967, I 969) . The esterase activities were tested according to a modification (Tsukamura, Mizuno & Murata, 1972) of the method of Kappler (1965) . The characters were tested three times in each strain; if the results of all three replicates were not the same, the results shown by two of three were recorded.
Numerical analysis. Matching coefficients ( M values) were calculated using the following equation :
in which n, is the number of characters in which two test strains show similar code symbols and nd is the number of characters in which two strains show different code symbols. The M values among the strains were calculated using a NEAC 2200 computer (Nippon
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Electric Company, Tokyo, Japan). Clustering was achieved by a single linkage method (Sokal & Sneath, 1963) . The method described by Tsukamura (1976) was used to test whether or not the species formed by cluster analysis were clearly separable from each other. A 'hypothetical median organism' (HMO) (Liston, Wiebe & Colwell, 1963) was prepared for each species, and matching M values were estimated for the strains of each species to the HMO of their own species and to the HMO patterns of other species. The mean of M values (G) and standard deviation (s) were calculated for the strains of every species to all HMO patterns. The range of a species was expressed as (E _+ 2s). 
R E S U L T S
Cluster analysis
Separation between species by a statistical method
The Table 3 . The characters common to all species are: Gram-positive; acid-fast; growth at 28 and 37 "C; occur as rods, short rods and coccoids; form yellow or orange scotochromogenic colonies ( M . parafortuitum shows pale yellow rather than the typical yellow colonies); growth within 3 days; tolerant to 0.2 % picric acid or 0.1 % NaNO, in Sauton agar, I % Tween 80 in Sauton agar, 0.05 % sodium salicylate in Ogawa egg medium, and 10 pg thiophene-2-carboxylic acid hydrazide per ml Ogawa egg medium ; utilize acetate, pyruvate, do not grow after a few transfers); do not utilize raffinose or 1,4-butylene glycol as the sole carbon source; do not utilize benzamide and nicotiqtmide as dual nitrogen and carbon sources; niacin is not formed.
DISCUSSION
The results of both methods of analysis suggest that M . parafortuitum, M . aurum and M. neoaurum may be regarded as a complex i.e. the M. parafortuitum complex, or as three subspecies of the species M. parafortuitum. Mycobacterium chubuense and M . tokaiense were not separated from each other by the test of separation and were in the same cluster in the dendrogram and hence these two should be regarded as one species, namely M . chubuense. The following species are considered as distinct : M . parafortuitum, M. aichiense,  M . rhodesiae, M . chubuense, M . obuense, M . gilvum, M . duvalii, M.$avescens and M . vaccae. 
